Utilization of nitrate as a nitrogen source is broadly conserved among marine 23
INTRODUCTION 44
The cyanobacterium Prochlorococcus is often the numerically dominant phototroph in the 45 tropical and subtropical oceans where it contributes substantially to net primary production 46 Prochlorococcus remained an enigma given that nitrogen is often the proximal limiting nutrient 68 controlling phytoplankton growth in marine ecosystems (Tyrrell 1999) , and most cyanobacteria 69 have pathways for utilizing nitrate as a source of nitrogen (Ohashi et al. 2011) . prefer ammonium as a nitrogen source and quickly inhibit the expression of nitrate assimilation 90 genes in the presence of sufficient concentrations of ammonium (Ohashi et al. 2011 
MATERIALS AND METHODS 127
Gene target for nitrate assimilation potential. Nitrate reductase (NarB) is the first 128 enzyme in the nitrate assimilation pathway and its gene (narB) is a useful marker for inferring the 129 potential for this trait in wild phytoplankton populations (Paerl et al. 2011; Paerl et al. 2012) . 130
Analysis of metagenomic data from the Global Ocean Sampling (GOS) expedition revealed two 131 other potential targets were observed in this database when using the default isPCR parameters 178 (4000 bp maximum amplicon size, a minimum of 15 perfect matches at the 3' end of each 179 primer, and a minimum length of 15 bp where there must be 2 matches for each mismatch). 180
Relaxing the stringency to a minimum of 5 perfect matches at the 3' end of each primer only 181 identified weak hits to terrestrial animals, soil bacteria, and Halomonas sp. GFAJ-1 (an 182 extremophile isolated from a hypersaline, alkaline lake). None of these are predicted to result in 183 independent method to examine the frequency of narB in the total Prochlorococcus population at 242 each site and evaluate the specificity of our qPCR assay (Table 2 ). For the metagenome data sets, 243 sequence reads were mapped to consensus HLII and LLI narB sequences using BLASTN with a 244 minimum bit score of 40 and a minimum read coverage of 20%. Hits were then screened against 245 the NCBI nt database using BLASTN to ensure they did not have better matches to taxa other 246 than Prochlorococcus or to genes other than narB. The counts of single copy core 247
Prochlorococcus genes (Coleman and Chisholm 2010) and Prochlorococcus narB genes in each 248 metagenome library were normalized to gene length to account for the probability of detecting 249 the respective gene. The frequency of each narB variant in the Prochlorococcus population was 250 determined by dividing the normalized occurrence of Prochlorococcus narB genes by the 251 average normalized occurrence of single copy core Prochlorococcus genes (Table 2 ). For the 252 qPCR assay, the frequency of each narB variant in the total Prochlorococcus population was 253 determined by dividing the abundance of cells containing each narB variant by the total 254 abundance of Prochlorococcus measured by flow cytometry (Table 2 ). In the event that qPCR 255 samples were not obtained at the same depth as the metagenome library, the closest depth was 256 also evaluated. Each method resulted in similar measurements of narB gene frequency, thus 257 indicating that our qPCR assay is specific for each variant of Prochlorococcus narB and that it 258 detects most of the HLII narB and LLI narB sequences at our study sites (Table 2) . (Fig. 1a) , as were the abundances of cells in this clade that 311 contained narB (Fig. 1b) . Total HLII clade cells and cells that contained the HLII narB gene were 312 co-localized as indicated by a strong positive correlation between their abundances (Spearman 313 correlation; Pacific, R = 0.89, p < 0.01; Atlantic, R = 0.95, p < 0.01). Twenty to 50% of HLII 314 clade cells were estimated to possess narB throughout much of the year at the Pacific site, but the 315 same was true only during the late summer and autumn at the Atlantic site (Fig. 1c) . During the 316 winter months at the Atlantic site, the proportion of HLII cells containing narB drops to less than 317 10% of the total HLII population (Fig. 1c) . 318
We examined these trends in the context of nutrient supply using nitrate + nitrite 319 concentrations (Fig. 1d) as a proxy for the availability of inorganic nitrogen (ammonium 320 concentrations were not measured by the HOT and BATS programs during the period of our 321 study). While we expect nitrogen limiting conditions to be more prevalent when inorganic 322 nitrogen concentrations are at their lowest, assessing the limiting nutrient for phytoplankton observe an increase in the proportion of HLII cells with the potential for nitrate assimilation (Fig.  344   1c) . A weaker, but also significant negative correlation between inorganic nitrogen 345 concentrations and the abundance of HLII cells containing narB was observed at the Pacific site 346 (Spearman partial correlation coefficient, R = -0.26, p < 0.01), which has low inorganic nitrogen 347 concentrations throughout the year. Overall, these data are consistent with more general patterns 348 observed in metagenomic data sets which have shown greater occurrence of the Prochlorococcus 349 narB gene among sequences obtained from low nitrogen waters (Martiny et al. 2009b) . 350
While most narB-containing HLII cells were found in the nitrogen depleted surface layers 351 at both sites, we also observed several instances of HLII populations with relatively high 352
proportions of narB-containing cells in the lower reaches of the euphotic zone (Fig. 1c) . Although we could not normalize the abundance of cells containing LLI narB to total LLI 392 cell abundance, as we were able to do for the HLII cells (see methods), we can report absolute 393 counts of cells containing LLI narB (Fig. 2,3 ). This provides information on where this subgroup 394 of LLI cells are located in the water column, and how their distribution and abundance changes 395 with season. The spatial distribution of cells containing LLI narB overlaps with that of total LLI 396 cells (Spearman correlation; Pacific, R = 0.97, p < 0.01; Atlantic, R = 0.94, p < 0.01) (Fig. 2a,b) . 397
Cells containing LLI narB are almost fully restricted to intermediate depths of the euphotic zone 398 at both sites, except during periods of deep mixing when their range expands into the surface 399 waters, albeit in low numbers. This is consistent with our understanding of the photophysiology 400 of members of this clade -e.g. their tolerance of light stress, relative to other low-light adapted 401
Prochlorococcus, when mixed into surface waters. 402
We observed that cells containing the LLI narB gene are found in greatest abundance just 403 above or within the top layer of the nitracline (Fig. 2b,c) , and in close proximity to the primary 404 nitrite maximum at the Atlantic site (Fig. 3) . Because these are low-light adapted cells, however, 405
we know that they are relatively more abundant in deeper waters because of their adaptation to 406 . Plots were created using Ocean Data View 4.6.2 with data interpolated using weighted-average gridding.
